Overload Control in a Token Player for a Fuzzy Workflow Management System by Nedopetalski, Felipe & Jeske de Freitas, Joslaine Cristina
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Controle de sobrecarga em Token Player para um Sistema de Gerenciamento de Fluxo
de Trabalho Fuzzy
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Abstract: The underlying proposal of this work is to control overload of a Token Player in a Fuzzy Workflow
Management System. In order to accomplish this, possibility theory is used to measure how much the Token
Player can be overloaded. The model used in this work is built using Colored Petri net and the simulation
is made using CPN Tools. Finally, is possible to control overload of the Token Player in a Fuzzy Workflow
Management System, nevertheless more time is spent to achieve the end of activities.
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Resumo: A principal proposta deste trabalho é controlar a sobrecarga de um Token Player em um sistema de
gerenciamento de fluxo de trabalho fuzzy. Para atingir este objetivo, a teoria das possibilidades foi utilizada
para calcular quando o Token Player pode ser sobrecarregado. O modelo utilizado neste trabalho foi construido
utilizando redes de Petri colorida e a simulação foi feita utilizando CPN Tools. Como resultado, é possı́vel
controlar a sobrecarga do Token Player em um sistema de gerenciamento de fluxo de trabalho fuzzy, no entanto,
mais tempo é gasto para atingir o fim das atividades.
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1. Introduction
Workflow Management Systems is certainly not a new topic.
It can be considered as generic packages for Business Process
Management (BPM) [1, 2, 3, 4]. These systems can provide a
better management and efficiency in organizational processes,
once resources are allocated automatically and business pro-
cesses are managed according to miscellaneous activities.
Workflow is generally assigned with business processes.
For Eshuis [3] workflow is an operational business process.
For Workflow Management Coalition [5] workflow is the
automation of business processes in which documents, infor-
mations or activities are past from one participant to another
according to a set of rules. Although workflows are strongly
related with business process, tools and principles of work-
flows can be applied in many activities where the coordination
of activities are necessary [6]. Systems that can manipulate
workflows can be used since for DNA sequences [7] until
scientific search for proof of relative theory [8].
Normally workflows are found in big factories for resource
control of automatic processes where machines are used al-
most everywhere. Calculate the resource spent by a machine
is a pretty simple task. However when tasks are made by
humans, it is not that simple to measure the resource spent
in that activity, but it is not impossible also, specially if the
person is overloaded due short deadlines or low productivity
[9].
Working with workflows for process automation remains
to be one of the best options to improve service quality saving
money and time. Ougaabal in [10] proposes a finer granularity
simulation considering the definitions and particularities of
each type of resource used. In [11], Wang and Tian show that
efficient workflows for emergency department in hospitals
helps improve the timeliness of emergency care services. Is
presented a stochastic timed Petri net based on healthcare
workflow and a technique for resource modeling looking for
ensure timely care service and incur no excessive cost from
unnecessary resource acquisition.
Cabanillas, Resinas and del-Rı́o-Ortega in [12] identified
and defined seven design-time analysis operations on how
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resources are involved in process activities. As a result, they
implemented a system called CRISTAL that give automatic
answer to different questions related to the management of
resources in business process. In [13], Cabanillas et al. in-
troduced a graphical notation for the assignment of human
resources to business process activities.
Olivieri in [14] improve workflow and resource usage in
construction schedules using critical path method through
location-based management systems. Mazandarani in [15]
used fractional membership functions to represent the time
uncertainty and the resource availability. These fractional
membership functions can not only model uncertainty, but also
control the amount of data included in the access functions.
Havur et al. in [16] developed a formal technique to derive
an optimal schedule for work items that have dependencies
and resource conflicts. They applied the solution presented in
the paper in an industry scenario to evaluate its effectiveness.
Ouyang et al. in [17] developed with her partners a conceptual
data model of resources that takes into account the various
resource classes and their interactions. They used a real-life
healthcare scenario to validate the conceptual resource model.
Although Workflow Management systems still a relevant
topic nowadays, resource control is not explored as it should
due the simplicity treating about machines or the difficulty
treating about human resource, specially when the resource
is overloaded. This work propose a way to control overload
resource based in a Token Player for a Fuzzy Workflow Man-
agement System using the possibility measure to calculate
how much the resource can be overloaded. The model used is
based in the model proposed by Aalst and Hee [1] and mod-




A Petri net that models a workflow process is called a Work-
flow net [1]. A Workflow net satisfies the following properties
[19]:
• It has only one source place, named Start and only one
sink place, named End. These are special places such
that the place Start has only outgoing arcs and the place
End has only incoming arcs;
• A token in Start represents a case that needs to be
handled and a token in End represents a case that has
been handled;
• Every task t (transition) and condition p (place) should
be on a path from place Start to place End.
The formal definition of a Workflow net is as follows [1]:
Definition 1 (Workflow net) A Petri net PN = (P,T,F) is a
Workflow net if and only if:
• There is one source place i ∈ P such that •i = φ ;
• There is one sink place o ∈ P such that o•= φ ;
• Every node x ∈ P∪T is on a path from i to o.
According to Aalst and Hee [1], tasks are modeled by
transitions. However, it can also be represented by a specific
place of an ordinary Petri net [20]. It needs to have an input
transition which shows beginning of the activity and an output
transition which shows the end of the activity.
2.2 Fuzzy Resource Allocation Mechanism
The concept of fuzzy set has been introduced by Zadeh [21] to
represent the gradual nature of human knowledge. Regularly
a fuzzy set is represented by a trapezoid A = [a1,a2,a3,a4].
There are some particular cases to represent a fuzzy set. The
triangular form, where a2 = a3. The imprecise form, where
a1 = a2 and a3 = a4. And the precise form, where a1 =
a2 = a3 = a4. A fuzzy continuous allocation mechanism can
be defined by the marked fuzzy hybrid Petri net model [18]
CFCR =< AFCR,TFCR,PreFCR,PosFCR,MFCR > with:
• AFCR =
⋃NFCR
α=1 Aα ∪{RFC} where RFC represents the
fuzzy continuous resource place, Aα an activity place
and NFCR the number of activities which are connected
to the fuzzy continuous resource place RFC. AFCR is the





α=1 Toutα where Tinα represents
the discrete input transition of the activity Aα and Toutα
represents the discrete output transition of the activity
Aα . TFCR is the transition function for a Petri net with a
fuzzy continuous resource.
• PreFCR : AFCR×TFCR→ F the input incidence applica-
tion such as:
PreFCR(RFC,Tinα ) = [w1,w2,w3,w4]
with w2 = w3 and PreFCR(Aα ,Toutα ) = [1,1,1,1]
where (w1,w2,w3) ∈ℜ and w4 ∈ℜ+
(other combinations of place/transition are equal to
zero) with F the set of fuzzy numbers of the triangular
form. PreFCR is the Pre function of a Petri net with a
fuzzy continuous resource.
• PosFCR : AFCR×TFCR→ F the output incidence appli-
cation such as:
PosFCR(RFC,Toutα ) = [w1,w2,w3,w4]
with w2 = w3 and PosFCR(Aα ,Tinα ) = [1,1,1,1]
where (w1,w2,w3) ∈ℜ and w4 ∈ℜ+
(other combinations of place/transition are equal to
zero). PosFCR is the Pos function of a Petri net with a
fuzzy continuous resource.
• MFCR : RFC→F the initial marking application such as:
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MFCR(RFC) = [m1,m2,m3,m4] with
(m1,m2,m3) ∈ℜ and m4 ∈ℜ+
and
MFCR(A(FCR)α ) = 0
the fuzzy availability (in percentage) of the fuzzy con-
tinuous resource. MFCR is the initial marking function
of a Petri net with a fuzzy continuous resource.
2.3 Possibility Theory
Considering one set of reference X , is attributed for each value
defined in X a value that belongs to the set [0,1] and is evalu-
ated which is the possibility of the point occur. In particular,
is possible define one possibility distribution associated with
one side f from a fuzzy set F [22], [23] such that:
∀x ∈ X , Π f (x) = µF(x)
The possibility measure and occurrence necessity of an
event over a set of reference X is defined as:
Definition 2 (Possibility and necessity measure) The possi-
bility Π(S) and the necessity N(S) measures of occurrence in
an event S over a set of reference X, when is considered the
possibility distribution defined as Π f : X → [0,1], are defined
as:
Π(S) = supx∈SΠ f (x)
and
N(S) = in fx 6∈S(1−Π f (x)) = 1−Π(S)
If Π(S) = 0, is impossible for S to happen; if Π(S) = 1,
is possible for S to happen, however depends the value of
N(S). If N(S) = 1, is certain that S will occur. In particular,
exists the duality relationship between the two possibility and
necessities modalities, in which postulates that one event is
necessary when the opposite is impossible.
In the case which two data a and b feature by two fuzzy
sets A and B, the possibility measure for a≤ b is defined as:
Π(a≤ b) = supx≤y(min(Πa(x)),min(Πb(y))) =
max([A,+∞[ ∩ ]−∞,B]) (1)
The necessity measure is defined as:
N(a≤ b) = 1− supx≤y(min(Πa(x)),min(Πb(y))).
2.4 Token Player
According to Cardoso and Vallete in [24], Petri nets can be
considered as a system of production rules. Each transition is
considered as a rule of the transformation in the space. From
a given space (mark), an applicable rule must be found to pass
to next state. One way to implement the dynamic behavior in
Petri nets in a grand domain variety is the concept of Token
Player [25].
For Cardoso and Vallete [19], an inference engine spe-
cialized, frequently called Token Player, is able to play Petri
nets, this means be able to shift tokens in a way to respect
the firing transitions rules. The firing of external transitions
must be synchronized with the event associated. This corre-
sponds to the reception of update messages of knowledge, or
the requisitions of the system.
On the other hand, from a given mark, all the internal
transitions enabled must be fired before considering the next
external event. It correspond to internal decisions and can
be translated eventually through commands and answers to
external decisions. The stable state of a marking net for which
only transitions associated with external events are enabled.
The Token Player must be in a waiting state for the external
environment.
When a message is received, is necessary to find the tran-
sition that is associated with the message and fire it. From
the new mark is necessary to fire all the internal transitions
enabled to reach the new stable state. Firing all the internal
transitions, the actions associated are executed, which pro-
vokes operations through the data and message submissions
to the system external environment.
One of the particularities of the Token Player presented
in [18] is the fact that in the cases where the resources are
represented using fuzzy intervals, exists the possibility of
overloading one resource if deadline violation happens. The
measurement of the sensitization possibility of the transition
t(Πt) in normal work situations is 1. When this value is below
1, can be noticeable that the resource can work above normal
capacity. When the Player is initiated, is chosen which is
the possibility value (Πt) that is accepted to fire a transition.
However, when the maximum board of a visibility interval is
achieved, exists the choice of extend the visibility interval to
avoid the death of the token, or overload the corresponding
resource, decreasing the value of (Πt) specified to authorise
the fire of the transition.
2.5 CPN Tools
CPN Tools [26] is an application to edit, simulate and analyse
state space properties of colored Petri nets models [27]. It
contains an environment of simulation that can follow step-
by-step a firing sequence and is possible to use simulation of
Monte Carlo as well as replications. CPN Tools offers the
possibility to integrate processes with complex data in only
one model due the fact that the integration of processes with
complex data is essential to modeling complex processes.
Several works has being developed using CPN Tools for
modeling and model validation: [28, 29, 30, 31, 32, 33]. Due
this, CPN Tools was chosen to be used in this work for mod-
eling and simulate what is proposed.
3. Model
The Workflow net model that this work is based on, is rep-
resented in Figure 1. According to Aalst and Hee [1], the
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following basic constructions for task routing must be consid-
ered:
• sequential: the simplest form of task execution, where
one task is executed after another, having dependency
between each other;
• parallel: more than one task can be executed simultane-
ously, or in any order;
• conditional: when there is a choice between two tasks;
• iterative: when it is necessary to execute the same task,
or a set of tasks, multiple times.
Figure 1. Workflow net for the ”Handle Complaint Process”
Considering the handle complaint process represented in
Figure 1, the tasks Contact Client and Contact Department
are an example of parallel routing. Tasks Collect and Assess
are an example of sequential routing. The tasks Pay and
Send Letter are an example of conditional routing.
Aalst and Hee [1] defined the notion of actuation as well,
being an external condition that guide the execution of an
enabled task. According to them [1], there is four distinct
types of actuation: user, message, time and automatic. How-
ever, only in the user actuation, identified by the symbol ⇓,
where one task is added by one resource, there is the ne-
cessity to allocate resource for task treatment. In the other
types of actuations is not obliged the allocation of associ-
ated resource. In Figure 1, tasks Record, Contact Client,
Contact Department, Assess, Send Letter and Pay are user
tasks. The other three, Record, Collect and File are treated
automatically.
The implementation of this model with fuzzy resource
mechanism allocation made by Freitas, Julia and Rezende
[34] in CPN Tools is represented by Figure 2. In this model,
the resource spent in each activity by the Token Player is
measured by a fuzzy set simulating the human behavior and it
is represented by Figures 3 and 4.
3.1 Problem
In Freitas, Julia and Vallete [18] work, the Workflow net used
could simulate human behavior while overloaded. However
there is no control on how much the resource could be over-
loaded. This cause a super overload in the resource every time
is needed.
If the effort of an activity is between 0 and 1, being 0
no activity and 1 maximum effort, and if it is overloaded it
becomes between 0 and 2, being 0 no activity and 2 maximum
overload, the system behavior always tries to use between 0
and 2 due better performance results.
As shown by Wickens [35] and verified by Nakatumba
and Aalst in [36], the quantity of stress applied in employ-
ees during working time is key to work efficiency. Having
control of how much resources can be overloaded is essen-
tial to not apply an exaggerated stress in employees, loosing
performance after some time.
To solve this problem and control the resource overload
with humans, a Token Player with restriction was added to
permit manage the maximum overload allowed for human
resources.
3.2 Implementation of resource control
Table 1. Table of functions used to control overload resource
? This value can be between 0 and 1.
fun mR (rr:RESOURCEF) =
(intToReal( 1)/(intToReal(#4(rr))-
intToReal(#3(rr))));
fun mC (RBA1 : RESOURCEF) =
(intToReal(1)/intToReal(#2(RBA1))-
intToReal(#1(RBA1)));




fun y (rr: RESOURCEF, RBA1 : RESOURCEF) =
if (#3(rr) = #4(rr)) then true else
if ((mR(rr)*x(rr,RBA1))-(mR(rr)*
intToReal(#3(rr)))+intToReal(1))
>= 1.0? then true else false;
The implementation of resource control in the “Handle
Complaint Process” [1] was made in CPN Tools. Figures 2,
3 and 4 represent the implementation of the process in CPN
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Figure 2. Workflow net model made in CPN Tools with fuzzy resource mechanism allocation.
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Figure 3. Activities A1, A2, A3 and A4 from Treatment Process of Complaints - Discrete and Fuzzy Resource.
Tools. Table 1 represent the functions created for the resource
control.
Here is the meaning of some words used in Table 1:
• mR = Measure Resource;
• rr and RBA1 = names of variables;
• RESOURCEF = type of variable;
• mC = Measure Cost;
Function mR is responsible for measure the correspondent
value of the resource. This function calculates the difference
between the fourth and the third values of the fuzzy set. If the
corresponding values of the resource are [10,20,20,30], the
final result would be 110 .
Function mC is responsible for measure the correspondent
value of the activity cost. This function does the same cal-
culation as the mR function, however now it calculates the
difference between the second and the first values of the fuzzy
set of the activity cost. If the cost values of the fuzzy set to do
an activity are [30,45,45,60], the final result would be 115 .
Function x is responsible for verify if the resource avail-
able is enough to complete the activity. This function calcu-
late the difference between the cost and the resource available
based on the activity that the resource is doing. If the set
of possible costs of an activity are [30,45,45,60] and the
resource available are [10,20,20,30], the activity would be
finished but the resource would be overloaded due the final
set would be [−50,−25,−25,0].
Functions mR, mC and x are responsible for giving values
for function y. Function y is responsible for set the condition
of how much the resource can be overloaded. The first line
of function y, represented in Table 1, verifies if the third and
the fourth values of the resource fuzzy set are equal due first
iteration of simulation, the resource set is [100,100,100,100].
This way, the activity can be finished. After the first iteration
of the simulation, the resource available may be lower due
activity costs, so the function verifies if the difference between
the cost and the resource available is greater or equal to some
value between 0 and 1. If the value of comparison is 0, the
resource can be overloaded at maximum. If the value of
comparison is 1, the resource can not be overloaded. Any
value between 0 and 1, represent the inverted percentage of
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Figure 4. Activities A5, A6, A7 and A8 from Treatment Process of Complaints - Discrete and Fuzzy Resource.
overload. For example, if the value is 0.8, the resource can be
20% overloaded. If the value is 0.3, the resource can be 70%
overloaded.
As can be seen in Figures 3 and 4, the function y is called
as a guard (y(r2,RBA2)) in activities A2, A3 and A7, rep-
resented by sub-figures 3b, 3c and 4c, meaning that it is a
condition. The first parameter (r2) is the human resource
responsible for doing the activity and the second parameter
(RBA2) is the cost related of the activity. If the function returns
true, the activity continues, otherwise not. Only activities A2,
A3 and A7 received the guard function due these activities are
made by the same human resource. This way, the overload of
the resource can be measured more precisely.
More information about other functions from the model
can be found in [18].
4. Simulation
The simulation was done in CPN Tools as well as replications.
In total, 45 replications was done for each scenario (0%, 50%
and 100% of overload control). CPN Tools uses Monte Carlo
method of simulation by default. The confidence interval for
statistical values for all simulations and replications was 95%.
After all modifications in the Workflow net, the Simulation
Tool from CPN Tools was utilized to simulate the net. The tool
can simulate each step of the Petri net, however is possible to
set a fix number of steps to take. In this case, 2100 steps was
enough to simulate 100 cases.
The function CPN‘Replications.45replications (auxiliary
text represented by the text in the top-right corner of Figure
2) was used to automatically run 45 simulations. The 0%
of overload control scenario correspond to the case in which
human resources can be fully overloaded due no control is
made. The 50% of overload control scenario correspond
to the case in which human resources can be overloaded at
the maximum of 50%. The 100% overload control scenario
correspond to the case where human resources can not be
overloaded.
Tables 2, 3 and 4 presents the statistical values for the
simulations and replications. The maximum duration for this
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case, by default, is 105 units of time. Due this, all values
presented in Tables 2, 3 and 4 are units of time. The simula-
tions with no overload control is represented by Table 2, 50%
of overload control is represented by Table 3 and with total
overload control is represented by Table 4. The complete log
values can be found in Annexes A1, A2 and A3.
Table 2. Table of statistical values for no overload control
*Confidence Interval
Name Average CI* Min Max
Min id 57.42 +-0.59 52 61
Max id 92.93 +-0.58 89 97
Average id 75.21 +-0.32 72.71 77.61
Table 2 presents the minimum values between all scenar-
ios due no control of resource overload is done. This means
that resource can be used until it is over. The highest maxi-
mum in this scenario was 97 units of time, meaning that all
the tasks was made under the limit time in this scenario.
Table 3. Table of statistical values for 50% of overload
control
*Confidence Interval
Name Average CI* Min Max
Min id 80.67 +-3.96 59 110
Max id 2464.13 +-123.73 1626 3362
Average id 706.31 +-27.97 559.27 945.89
Table 3 presents the statistical values for the 50% of over-
load control scenario, meaning that the resource can be over-
loaded for 50% above of capacity. The average of the mini-
mum values is 80.67 meaning that in most cases the minimum
values respected the limit time. However, is not possible to
see the same pattern in maximum values, in which the aver-
age time spent was 2464.13 units. The lowest value of the
maximum time spent did not achieved the time limit of 105
units of time neither the average values for this scenario.
Table 4. Table of statistical values for 100% of overload
control
*Confidence Interval
Name Average CI* Min Max
Min id 78.58 +-4.26 59 115
Max id 2606.47 +-156.16 1421 3868
Average id 707.33 +-30.47 521.43 1009.65
Table 4 presents the 100% of overload control scenario,
meaning the resource can not be overloaded any time. Due
this, in this scenario we had the worse performance over-
all. The average between minimum values (78.58) is lower
than the previous scenario (50%), however the highest mini-
mum, and the highest maximum are greater than other scenar-
ios. The maximum average of 1009.65 units of time is much
higher compared with the previous scenario (945.89) as well.
5. Conclusion
As showed in this paper, the control of overload in a Token
Player during an activity can be done using the possibility
theory and fuzzy logic. The results obtained in simulations
showed that in the scenario with no overload control (Table 2),
all the time limits were respected. The same is not applied for
the other two simulations made (Table 3 and Table 4). Futher-
more, the results showed that has an extremely difference
between the simulation with no overload control (Table 2) and
with total overload control (Table 4), meaning that control the
resource overload delays the activities.
This can be seen in the comparison between simulations
in Table 3 and Table 4, where the maximum values were
higher in Table 4 (115 and 3868 lowest maximum and highest
maximum respectively) than in Table 3 (110 and 3362 lowest
maximum and highest maximum respectively), meaning that
higher the overload control, higher is the time spent doing the
activity.
As a future work, the use of possibility theory with time
restriction can be utilized to equilibrate time and resource
spent using the Token Player for simulations for better control
of Workflow in Workflow Management Systems. Another
possible future work is to use Workflow nets from industry to
verify if results are similar to what we propose here.
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Annexes
In this section, the complete statistical values from all simula-
tions scenarios are presented. Figure A1 represents complete
simulation results with no overload control. Figure A2 rep-
resents complete simulation results with 50% of overload
control. Figure A3 represents complete simulation results
with 100% of overload control.
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Figure A1. Complete results of simulation with no overload control.
Figure A2. Complete results of simulation with 50% of overload control.
Figure A3. Complete results of simulation with 100% of overload control.
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